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Definition of Pyrolysis; Chemigtry of Pyrolysis

The first Fyrolysis plant in Russis was built at the end of the last
century. It wes intended for the production of artificisl ges from petroleum
. aad for that reason was called & petroleum 838 plant. This name has been re-
s tained up to the present for pyrolysis plants » although their purpose had
changed as early ag the beginning of World War I. At that time, large
quantities of toluene were Tequired for the production o* smokeless powder,
80 that petroleum 835 plants were adapted to the production of arcmatic hydro-
carbons, particularly toluene. Besides toluene ; benzene, Xylene, and
naphthalene are obtained in ryrolysis. Aromatic hydrocarbons also have other
applications in addition to the production of explosives: they are uged in
the chemical, dyestufs, pharmceutical, and other industries.

e et

Pyrolysis of kerosene with the aid of comparatively simple equipment
yields 10-12% of aromatic hydrocarbons, Pyrolysis 1s also referred to as
aromatization of petroieum,

. : Pyrolysis is a cracking pirocess which ig carried out at very high temper-
— atures (of the order 670-720° ¢) and ordinary /atmospheric/ pressure.
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The molecules of petroleum products, on being heated to 670-720° C, split
into simple, small particles which, under the conditions of the pyrolysis process,
have the property of coadensing under formation of aromatic hydrocarbons. Thus,
the formation of benzene may be regarded as being due to the polymerization of
three molecules of acetylene: 3 CpHp — Cglg.

Pyrolysie is a ccmplex process in which reactions of decomposition and
condensation are comprised. The sequence of these reactions is approximately
as follows. First, parsffirie hydrocarbons are transformed into olefins with
one double bond. These olefins in twrrn split under formation of olefins having
two double bonds, i.e., diolefins. The diolefins either condense under formation
of aromatic hydrocsrbens or else are transformed first into naphthenes and then
into aromatica by dehydrogeration. The reactions in question can be represented
by the following scheme:

Paraffins — oleffin: —» diolefins — avomatics
neaphthanes —» aromatics

By means of pyrclysie, any petroleum product, beginning with gas and
ending with tar, can be converted into aromatic hydrocarbons. Eowever, the
temperature conditions rejuired for different types of crude material are
different, and the ylelds of aromatic hydrocarbons sre also different, depending
on the crude materini. Light hydrocarbons (e.g., gasoline) give a high yield
of carbon black, vhile heavy hydrocarbons such as mazut and tar yield large
quantities of ccke. The best crude materiul for pyrolysis are the middle
fractions of petroleum, 1.2., kerosene and gas 0il. The chemical composition
of the crude material is also of considerable importance: naphthenes are more
easily converted into wromatizs than sny other hydrocarbons.

From the practicsl standpoint, kerosene and the so-called pyrolysis crude
materisl {i.e. » kerosene -- gas oll fractions of petrcleum) are used as initial
materinls for conversion by pyrolysis at petroleum plants.

Installations for Pyrolysis and Their Operation

L The oldeat pyrolyzing ﬁitemlly, "py'rogenlzing"7 installation is a furnace
: equipped vitn cest-iron stills| L These stills [literally, 50X1-HUM
. "retorta”/ consist of three batteries containing three horizonal sections each.
L The diameter of the stille is 30 c¢m and the length of each section, one meter, -
The capacity of a furnace of this type is 1-1.5 tons of crude material _[for
1yrolysig/ a day. During operstion, a temperature of 350-400° C mist be main-
tained in the upper horizontal section of the still6 & temperature of 500° C
in the middle section, and a temperature of 650-700° € in the bottom section.

From the still, the products "% pyrolysis enter hydraulic separators (3),
which are horizonal cylirders having a partition in the middle that does not
quite reach the bottom of the cylinder. The cylinders are filled with liquid
to approximately half their height, Gas and vapors enter the hydraulic separator
through a tube vhich alsy does not quite reach the bottom of the cylinder: its
opening 1s several centimeters above the bottom. Gas and vapor bubble through |
the liguid apd leave the hydraulic separator through an outlet at its top. The |
heaviest fraction of pyrolysis produsts condenses in the separator and flows by

S gravity into a receptacle. The product which collects in this receptacle is
s known as hydzraulic tar. The vapdor passes through a gas line into a series of
air-cooled and water-cooled condensers.
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The air-cooled condensers {(4) are vertical » hollew cylinders. In thege
cylinders, a Liquid known es condenser tar ig condensed out of the pyrolysis
products. The water-cooled condensers (5) are identical in design with the
gir-cooled conderser Y spraying water.
Alternatively, vertical tube condensers cooled by water may be used.

The gas leaving the cordenge 18 a certain quantity of aromatic
hydrocarbons, Thege eromatic hydrocarbons are extracted by wvashing the gas with
wash oil. This ie done in vertical cylindrical scrubbers (T'. To increage the
surface of contact between 01l and a8s,

the serubber columns are equipped with
wooden gratings. The wash 0il, on being

T8 8Till contai,

8 from the bottom., ¥
scrubbers at the bott
8 gas holder,

with aromatics (
freed of aromati
to consumers.

ash 01l saturated
om, while the gas
from which it ig supplied

many drawbacks such as low
0cy, high expenditure of fuel reaching 25%-35% with reference to the
» erd & ghort period of service (4-5 months). For that
reason, furnaces of this i¥pe have been replaced by furnaces with chamotte
stillsg.

The furnace with chamotte
bricks, instde of vnian sight ver
Figure 105). The stilis coneigt
and a length of 3 m per section.
having an outlet whirh conuects 1t

11t of refrac tory

tical chamotte stills (A) are disposed (see

of four sections having a diameter of 30 cm
The bottom section impinges on a chamotte pot
with the hydraulic seperator (c).

The furrace is heated by s spray burner.
inside the furnace » and in the
ingide. The combustion product
from the other side. Firally,

The combustion products rige
brocess of rising, they heat the stills from the
8 then pass over the wall and heat the stills

To bring about tetter distribution,
inside the st113s. The ifquid evaporates

subjected to Iyrolysis in the middie and 1
ature of 650-700° .

iror chaine with disks are suspended
in the upper rart of the still ang is
over sections of the sti]]l at a

temper-
The producte of ryrolysis pass from the sti11 into the
ulic separator. The rest of the flow sheet is the same as in the case of
the installation already deacribed.

The temperature of the furnace ig controlled by measur
of the furnace space with an optical pyrometer,
must be maintained at & level of 1
ature of 700-720° ¢ in the stillg,

ing the ‘temperature
The temperature in this space

furnace for that Purpose. If
feeding of crude material into that
up, l.e., eny cracks which might
Normally, the run of g st11l continues fo;
~oke mist be cleaned out.

d in one of the stills,
still is interrupted and the still i3 coked
have formed are sealed with coke.

about 3 days, after wnich the

Occasionally, stills become clogged with coke before expiration of the
normal period of a run. The fact that clogging has occurred can be seen from
the following indications: (a) the crude material spills over the edge of the
8t111; and (b) the stil1 beings "to gag." In such cases, the still mist be
cleaned. To do this s the top cover of the still is lifted, the iron chain with
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disks is withdrawn, the bottom cover of the still is removed to produce a draft,
and a burning toreh 15 set to the still. After all the gas has burned out,
8ti11 maintenauce workers clean out the coke from the still. If there 18 a
large quantity of ccke in the still, the coke must not only be scraped out,

but elso burnmed out. In some cases, the process of burning it out may take

as long as 24 hr, After cleaning has been completed, both covers are replaced,
and operation of the still is resumed.

The hyraulic separators are designed isn such a manner that removal of coke
and soot can be carried out once a day without interrupting operation.

The capacity of the iustallation is 2-3.5 toms a day. This type of
installation has severai drawsecks, i.e. y low efficiency, high expenditure of
pover, and complexity of the serviece required.

Further significan: progress in the pyrolyeis process was achieved by the
use of geperators.

A generator isece Figure 105, p 193) conaists of two cylindrical. towers
6 m high and having & diameter of 2 m, which are cobatructed of refractory
brick ﬁrick checksrwor§7 ia such a manner that they resemble a cage. The
towers are covered with shells made of iron sheeting. The two towers are
interconnected at thw: botiom by means of a metal pipe, which is also lined with
refractory brick. At the “op of the firat tower, there ia an inlet for crude
material (2) with an appliance for disperzing it. In the upper part of this
tower (on the side} thire is a nozzie (1) for spraying in fuel {a spray burner)
and an inlet for eir {3). The second tower has a supplementary spray burnper
' at the bottom and an outlet to the smokestack on top {4). On the side of the
: second tower, there is an outlet ©5) into the hydraulic separator (6). After
leaving the hydraulic separator, the pyrolysis products are conducted through
the cooling and condenzirg cystem in the same manner as described above,

The geoerator works intermitteatly: heating is carried out for 30 min and
after “liis, pyrolysis for 10 min. The checkerwork of the generator is heated
by direct cortact with ¢irculsting combustion products which are yielded by the
fuel that is consuned In the tarner. The combustion gases move from the top to.
the bottom in the first tower snd from the bottom %o the top in the second
tower, finally coming out through the smokestack. When the generator has been
heated to 735-750° ¢ {the temperature is messured by meens of a thermocouple),
the burner is shut off, the vert to the smokestack is also shut off, and the
slide valve which establishes communication between the generator and the
hydraulic separstar ic cpened. After this, the process of pyrolysis is started,
which 18 referred to as gasificetion -- feeding in the crude materisl and .
spraying it onto the heated refrsctory bricks at a rate of 30 kg /min.

The rate of feeaing =F crude material into the generator is regulated by
an appliance called the '"ralaxce." 'The orude material evapcorates in the first
towver and is then subjected to splitting into small molecules. In the second
tower, formation of aromatic hydrocarbons from these molecules takes place.
Simultaneously with the formation of aromatic hydrocarbons , carbon black and
coke are formed, and thees are depogited on the brick checkerwork of the gener-
ator. There is also {ormation of gasesus hydrocarbons.

o From the second tower, the pyrolysis products enter the hydraulic separator
and from there go imto the condensing equipment (this part of the flow sheet
is exactly the same as in the installations described above). The pipe which
connects the generator with the hydraulic separator is equipped with a heat
exchanger utilizing the heat of the pyrolysis products.
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Within 3¢ mia after the peginaing of gasificution, the temperature in the
towers drops to E0-600 1 » sftar wnieh Eyrclyeis procezds less energetically.

To heat the gencrator again to the necessary temperature, the feeding in
of crude materisl 1z Interrupted, the outlet to the smokestack is closed, and,
with the aid of a Préerfal blawver, air is blewn in to remove vapors of petroleunm
Products mnd to burn vatr asct and coke. At the same time, the spray burner is
ignited. The blowiag cut snid poking of the gensrator are continued for the
same length of tim: sn the ersificution, namely, 30 miz,

As can bte vesn frim the usscription of the operation of the generators,
they work interm ttently at chazging temperatures. The initial temperature 1a
too high, while the Pinal tempsraturs 1s toc low for normal Pyrolysie., This ig °
the fundsmental drawback of the genzrators, which can te rartially offset by
using generators with thrnytled feeding. Inm thia trpe of generator, the ecrude
materis) 15 ted in at » rarid rate (n the begianing of the gusification stage
and slowly at the end of that stage.

The lateat achirvement of pyrolysis technology 1a the use of pyrolyeis
ﬁitemlly, "pz-cg—;-mc_'y pive stills; in which the Ooperation proceeds continuously
with & high yield of aromatics smd a low expnditure of fuel, The servicing of
Pyrolysis pipe stiils i3 conglderably eaaier than that of generatorg,

The fiow sheet of the process uring & pyrolysis pipe still is shown in
Figure 107, p 195, e crade usterial, atter being heated in the heat exchanger
(1), 16 pumpea through the <unvection chambsy of the pipe 56111 (2) and from
there into the evaporator {3}, from wiich the heavy fraction of the crude
material 1s drained. The evapirated light fraction pesses through a separator
4), where entraineg dreps of 1iquid ere elimizated. Frem there ths vapors
are conducted through the radiant Ssction of the pips gtill and then pmss ipto
the reaction chamber %), The regetion chsnber ig a cylindrical piece of equip-
ment lined with refractory bricz, The formation of sromatia compounds tmkes
place in the reaction chamber. The rest nf the flow sheet does not differ much
from that of the Wrolyais ingtallaticons waick have tlready been deseribed.

The vapors enter the hydraulfc separator (73, where the heavy hydraulic tar ig
eliminated. The VePird, whizh bmve tesn fresd of hydraullc tar, are fractionated
in the distilistion zolums f117. Light oil and pyrolysie gas are taken from the
top of this column, while the Gisvillxtion residue is dreined off at the bottom.
In the gas serarator {13}, Wyrolyils g is sererated from the light o1l. 'The
light o1l 1e conducted ahesd for additicmal Processing.,

The pipe Turnsce {3 eguipped with Fipez of iarge diameter (up to 150 mm)
made from steel or high quality, so thas uninterrupted operation ig possible
for long periods. The ¢oke which foras in the Teaction chanber is burned out
periodically.

As can be seen from the deacription cf the technological aspects of the
flow sheet, pipe-still ingtaliatlonz for Fyrolysia bave the following advantsges:
l) high efficiency achisved in a continuous Irocess; (2) ease of servicing;

533 small area occupied by the installstion; and (4) Possidbility of carrying
out distillation of tur 1w the nstaliacion,

Catalytic Aromatization

Catalytic sromavization is braught sbout by ragsing through catalysis
chambers lri-nctane angolize or ligroin mixed with gas that has been enriched
with hydrogen. Application of the process in quertion makeg it poasible to
obtain up to 80%F aromatics,
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- Ahowe thne frow 3nFzt 0f the Process. The pipe still
(2), vhich 13 #UDpel witk too cofls or Pips, beate the crude materim] (1)
and the circulating 847 earicned wi+h hydr ogen; esch 1n its separate coil, On
leaving the pipe 98111, the nz-ide meterisl, whick has » temperature of 530° c,
and the gas, which hag e jemperaiure of 6000 €, gre mixed and enter the first
of two reaction chambers {6}, wnicy SFerates ot a pressure of oo atm and a
temperature of 350% 2. Both chambarg ar: hoilow inaiga ; they are £i11ed with
catalyst arg operate altermately 1 gueh a nanner that either the reaction is
carried out or the Cotalymt (4 ragapematag & any one rhambay, On leaving the
chambers, the Tesction pradusts are ageiaes snd enter the gag seperator (8), A
( ~atel; VEAls waother part 1a cotdusted into the
F1UL pTORUCts pave imty the stabiiirer (9), where
the rest of the. 882 1z eliminzte The stetiligas proiust gg digt1lled in g
second-stage dist1ilatygy, cohime (131w sepagate gt leto flotshed gasoline
(11) ana Polymers 713

Taoe crude BiteT 14l mmy ve Lraciicg gy 3CL18e . atruightezon &anolina, o>
ligroin, A Suffic famt dusnbity of gaa “Gatalatng bydragen 14 obtained at the
instalistien.

The process takes piscw i tZe Lemperaturs ramge of Z36-350° ¢ and ay o
Iressure of 2¢ atm,

During the iited v the otalyzt, so that the activity
of the catalyst ARLAIATia O the Catalyet i brought sbout by
burning out the €Ok, TO achieyvs this: coabuatiag [T contsiniog avygen are
Iagsed through the Cateldynt mas: Luring the time the coke 1g Baing burneq out,
ielasalys (¢ tns telperature rises shove 6ogO ¢,

The process of Catuiyia e ATamatistin jy Flexibls, o thet it iz possible

10 control at w13 the yuslivy o¢ sy, Pk A2 Svtedzed. In other wordz, ona
may obtain different VIS of preducts “ginzing wvitn high«zctens &aeoline

and ending with highly wromsie; FRLlesr comtainivg up to 80% of aramtics,
Principally benzene, teay. et e ALY WPieine,

The yleld of hign-c:teqe GR22300e 15 B, of nake #%, and of gus {including
losses) 18%. 2

Table 1 1liste the Froperiisy of (he dartiog mat=risl ang ¢f the fivished
gnsoline cbtaineg by Gitelytis At LLat e, The rezulting gasolins ctains
4o-50% aromatics. ineluding L5-2% tolusge,

Treatment of Pyrolysis Fro ucta

In the pyrolysia or Ferrolaum poodusts, §3-kag &7, k3.l tar, and up to
12% coke and soot {togather wity LT} are obtafned, Produets having the follow-
ing characteristic: &re ocbiair:d at FrIolyais Instellatione:

1. Hpdraulic tar {yieig 13-16F with seferancs to the erude miterial),

A heavy liquid heving s black color; spgral; bp 130-133¢ 0; k.cg
light oil a1etille aff below 1739 2,

2. Condeuser tay (yisig ETE WAth referecce to the erude materisl).
A brown Ligquid with 5 Peretmiting odor, vhich has the following average

constanta charscterizing {1s Taality: 5 = 0,956 {fractional. eompocition gs
determined by diatillation wity s Cadskin congm) .
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Below T8° G 5%

TR-83° ¢ 17.%% (venzene fraction)
83-108° ¢ 5%

108-113% ¢ 23%  ‘toluene fractionm)
113-136° ¢ &%

136-143° ¢ 13%  {xylene fraction)
up to 175° € 75%

3. SBcrubber ofl. Cortsine 6-T% of Light oil extracted from gases in the
scrubbers. The fractionsl compozition of the light oil is as follows:

Below 78° € 2%
78-83° & 46%
63-108° ¢ &t
107.112° ¢ 21p
113-3187 ¢ 3%

4. Gas, freed of 113113 hyérocarbous, which contains up to 30% of wn-
saturated hydrocarbowvs.

The production of sromstic hydrocarbons invelves the following
Irocesses:

a. Ters resulting from the pyrclysis of crude materin) are distilled
in tar-distiliation instalirtioma to separate the light oils contained in the
tars.

b. The light ofl is dist11led in fractionation installations to
obtain crude fractioms which centein aromatic hydrocarbons (first fractionation).

¢. The crude fractions srs purified st purification installations.

d. The purified fracticos axre distilled in fractionmation installations )
to obtain pure benzene, tolusne, =nd xvlene {second fractionation). !

In addition to facilitiea for the processes mentioned above, many petroleum
gas plants are ejuipped vith ipstallations for the production of petroleum coke,
naphthalene, and varnish »il ﬁiterall}' "lakoyl17.

The processes for the productioz of sromatic hydrocarbons which are
enumerated above will now be descrived in further detail.

Digtillation of Tar

Condenser tar smd scrubber oil are distilled in pipe still instal-
lations equipped with distillation columms. In these installations, light oil
(24$), green oil (35%), ani liquid pitch (kO%) are obtained. If the green oil
has not been geperated out; the residve is wash oil.

. R
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The light o041, which has & specific gravity of 0.850, ccnsists to the
extent of 85- of fractions which boil below 1757 C. It is composed of a
benzene fraction (20%), toluene fraction (16#), and xylene fraction (119).

Green oil is a valuable rrodust fram vhich carbon black ugsed in suto-
mobile coatings and rubber Products i3 obtained. The initial boil‘ng point of
green o1l should not be lower than 175° €, the end roint no higher than 350° ¢.

Naphthalcae 011 containg up to 1.5% naphthalene. The initial boiling
point of naphthalene o1l 15 190° C, the end point 235° ¢,

Liquid pitch hae a spzcific gravity of the order of 1.03-1.07. It is
a good crude material for the yroduction of coke.

Wash o1l dces not coatain [phould not contain?/ more than 0.1% of
carbon black. TItas initial b2iling point is between 175-2000 (.

First (Prelimirary) Fractiopation

In addition to aramatic hydrocarbons, light oil also contains a con-
siderable amount of umsaturated and saturated hydrocarbons. Unsaturated hydro-
carbons are eliminated by treatment with sulfuric acid, while the saturated
hydrocarbons are removed by fractionation.,

To achieve a savieg of sulfuric acid, narrow crude fractions are
diat11led off in the first fractionation of the light 0il. These fractions are
purified 2nd then subjected to a second, final fractionation to cbtain the final
products.

Fractionation is carried out in intermittently operating installations
consisting of vertical stiils having a capacity of 50 cu m and equipped with
fractionation columns of the bubble-cap type and dephlegmators of the tubular
type. Heating of the oil is effected by stesm passing through coils with which
the still is equipped. When iatermediate fractions are collected, the rate of
distillation is brought to srproximately 500 kg/r; when the main fractions aye
collected, the rate of distillation may be scceleTated to 1,000 kg/hr.

The specific weights of benzene (0.870-0.880) snd of toluene (0.845~
0.850) aiffer greatly from the specific weight of the intermediate fractions
(0.820-0.830), sc that the fractionation may be controlled by measuring the
specific weight of the diztillate during operation.

The following fractio-s are cbtained during the fractionation: the )
benzene head, i.e., the fraction which boils up to 78° C; crude benzene boiling 1
in the range 78-103° ¢; crude tolueme boiling between 103-115° C; and crude
Xylene bolling between 115-148° C. The crude fractions comtain 80% pure aro-
matics; the remsining 20% are saturated and unsaturated hydrocarbons, as well
as aromatic hydrocarsons wnich bave & lower or higher boiling point than the
rrincipal aromatic hydrocarbons contained in the individual fraction. The
characteristics of the individusl fractions are glven in Table 2.

Treatment of Crude Fractions i

The crude fructions are treated with sulfuric acid in intermittently
operating mixers. Sulfuris acid having a concentration of 9% 15 used for
treating benzene and toluene, and this treatment is carried out st 45.50° ¢,

Below this temperature, the reaction with unsaturated hydrocarbons proceeds
v 8lowly; above this temperature, the aromatic hydrocarbons begin to react.
After treatment with sulfuric acid, the products are washed with water and
distilled with steam upon neutralization of the acid. The expenditure of acid
for the purification comprises 10-15%, the losses of material in the purification
may amount to as much as 14-15%.
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Second (Final) Practionation | jad ‘il

The second fractlonation of the purified marrow fractions is carried
out in the same equipment as the first fractionation, except that live steam
18 not used and the fractiopation 1s conducted at a lower velocity,

The quality of toluene of the first grade obtained from the second
fractionation 1s as follows: d15 = 0.865-0.870; the bromine mumber, which
determines the degree or purificdtion, must not exceed 0.4; the initial boiling
point migt not be lower 108.59 C ang the boiling end point no higher than
111.8° 0; 1y the linits of these two temperatures, no less than 99% of toluene

usually d1st1lls over.

The quality of tenzens of the firgt grade is as follows: d. 5 = 0.880-
0.883; initial boiling point 13 78.5° C; end point of boiling is 80.% C;
bromine mumber 1s no higher than 0.4; 100% of the product 18 sulfonated.

The operation of petroleum 828 plants may be also conducted in such a
mnner that one obtains oaly toluene of the firat grade and Pyrobenzene, vhich
containg all remaining products. In the production of Pyrcbenzene, the light
01l is purified Iimediately, Ia the course of the fractionation which follows
the purification, only toluesne of the firast grade ig withdrawn; the rest of the
mroduct, with the exclusion of toluene, constitutes Pyrobenzene. This process
accelerates the production of aromatics and reduces losges.

Pyrobenzene has the characteristics shown in Table 3.

t
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Table 1. Characteristics of talyt
Gasoline Cbtained b
as Compared With Thoge of the Initia.lycf::da Ha::r::fmtization

Crude Material Gasoline
Bpecific gravity 0.77%
. 0.
Octane number 47.2 ™
. i
Initial bolling point (deg 0) 305 37
1
5:: 121 9
1kh 132
904 186 170
End point 224
186

Table 2. Fractions (btained in the First (Preliminary) Practionation
Benzene Head Crude Benzene Crude Toluena
d
15 0.770 0.863 0.854
(Fractional composition in percent)

Distills over below 78° ¢
78-83° ¢ 4 8,‘: 6 1.5
83-108° ¢ % 12
108-113° ¢ - = 63
Residue ==

13 16 13

.11 -
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Table 3. Characteristics of Pyrobenzene ‘ )
el
Winter Grade  Sumer Grade | F———
45 0.849 0.850
(Engler a1st111aticn)

Initial boiling point (deg C) no lower than 8 82
Distills below 190° ¢ (%) 32

32

" " 120° ¢ (%) 56 56

" " 140°% ¢ (%) 70 T0
Congelation point (deg C) 32
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